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ABSTRACT

Water pollutio~ conuol agencies are implementing control programs for chemical contaminants in urban
stormwater runoff because concenwations of total forms o~" some contaminants in receiving water exc~d
numeric war~- quality standattis. While some assert that stormwamr-associamd contaminants am canning
water q,a~ity problems (impairment of beneficial nne~), there am significant reasons to question the
reliability of that claim. While urban stormwater runoff frequently contains many chemicals in sufficient
concentrations to catts~ exct~lanc~ of numeric US EPA wamr quality criteria in receiving waters,
cxceedance of a water quality criterion/standard applied to. t~tal concentrations is not a demonstration of
water quality impairment. Ta¢ US EPA water qcafity criteria wea~ d~veloped for worst-ca.~ or near-worst-
case exposure to available forms of tl~ comaminants. Such exposure �onditious would not be ea~ with
short-term, episodic runoff events. Substantial portions of many of the chemical contaminants in stormwater
runoff are associa~l with particulates and would hence be expect[ l~ be largely unavailable to affect
aquatic life.related beneficial uses of receiving waters. Furthermore~ ~videnc~ of beneficial us~ impairment
caused by ~ stormwater runoff has not been forthcoming to doaurtent the claims. It is concluded that
many of the contaminants associated with urban stormwater runoff from r~idential and commercial areas do
not impair beneficial uses of receiving water. Tae current US EPA water quality criteria have limited
applicability to assessing potential water quality concerns for stormwater runoff. Guidance is presented on
how urban stormwater runoff-associated contaminants should be ~valuated and regulated to control use
impairment without significant unnecessary expenditttres for contaminant control.

Urban Stormwater; pollution; toxic.s; heavy metals; nutrients; non-point sources; study approach; US EPA
crimria; water quality standards; Clean Water Act.

INTRODUCTION

The 1987 Amendments to the Clean Water Act required the US EPA to develop NPDES permit application
requirements for "Phase I" classes of stormwater discharges. "Phase I" dischargers included cities with
populations greater than 100,000, selected industrial sources, and special sources that conwibute to
violations of water quality standards. Statutorily excluded were agricultural stormwaters, irrigation return
flows, and uncontaminated runoff from oil and gas or mining operations, owing to political considerations or
coverage under other regulations.

Published in Proceedings of First International IAWG Specialized Conference on Diffuse
Pollution: Sources, Prevention, Impact and Abatement, Chicago, IL, pp. 231-240,
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Accordingly, in November 1990, the US EPA pmmulgamd regulations inmnded to control the pollution of
the nation’s wa~rs by contaminants in "Phas~ I" discharges (US EPA, 1990). While it has been known since
the 1960s ~at stormwamr runoff from urban, indus~al, and meal a~as ~ypically contains elevamd
concentrations of a wide variety of contaminants that could cause wamr quality impairment, until November
1990 little was done by federal or smm wamr pollution control agencies to develop control programs for

contaminants in such runoff.

The US EPA’s efforts toward controII~ng potentially toxic chemicals in surface wamrs has shown that many
surfac~ wamrs downstream of urban areas contain heavy metals and a number of other pomntially toxic
chemicals in concentrations above the US EPA wamr quality crimria and state standards numerically equal
to those crimria applied to total concenu’ations of those conmmin.ants. This finding was the impetus for
Congress m amend the Clean Water Act in 1987 to address certain smrmwamr discharges, and thus became
the primary justification for the US EPA and some smt~s to develop control programs for contaminants in
s~ormwamr. Ir was also a major impetos for the US EPA’s development of the National Toxics Rub (US
EPA, 1992c).

This paper is a highly condensed version of a report by the authors, "Water Quality Impacts of Stormwater-
Associated Contaminants: Focus on Real Problems," (Lee and Jones-Lee, 1993a). This condensed paper
reviews a number of issues related to def’ming and assessing the real wamr quality problems eansed by
contaminants in stormwater. The full report, available from the authors, also discusses the following issues:
findings of coneentratiorts of dissolved and total heavy metals in storrn’wamr runoff, evaluation and
regulation of heavy metals in storrnwamr runoff, public perception of stormwater quality problems and its
influence on regulation, assessment of toxicity, eutrophication-relamd water quality problems caused by
ud)an stormwat~r runoff, San Francisco Bay copper control program as example of problems with current
approaches, sanitary quality of stormwater runoff, impact of channelization, control of contaminants at the
source, and stormwater quality monitoring.

EVIDENCE FOR STORMWATER QUALITY PROBLEMS

In its publication entitled, ~Environmenmi Impact of Stormwater Discharges a National Profile," the US
EPA (1992a) stated,

"Based in part on national assessments conducted by the US Environmental Protection Agency
( EPA ) it is now recognized that nonpoim sources and certain diffuse point sources (e.g., stormwater
discharges) are responsible for between one-third and two-thirds of existing and threatened
impairments of the Nation’s waters ( US EPA, 1991 )."

More recently, the US EPA (1992b) stated in the Federal Regismr governing the proposed permit programs
for "Phase II" dischargers, which included additional classes of stormwater discharges including smaller
cities (but with the previously mentioned statutory exemptions),

"Over time, as the pollution control measures were implemented for these discharges [domestic and
industrial point-source wasmwamr discharges] and as data collection efforts have provided
additional information, it has become evident that more diffuse sources of water pollution, such as
agricultural and urban runoff, are important contributors to water quality problems and use
impairment."

In the section of that Federal Register entitled, "Environmental Impacts," the statement was made,

"The Report [US EPA Report to Congress] in.dicates that roughly 30 to 40 percent of assessed
rivers, lakes and estuaries are not supporting the uses for which they are designated. Based on the
information from 51 States and Territories that reported on sources of pollution, the Report
indicates that storm water runoff from a number of diffuse sources, including agricultural areas,
urban areas, construction sites, land disposal activities, and resource extraction activities, is the
leading cause of water quality impairment cited by States."
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tradition and law "pollutants" are contaminants that have an adverse impact on designated beneficial uses of
a waterbody. The Clean Water Act requiz~ the control of water pollution, i.e,, impairment of beneficial uses
of wamr. Thus the focus of wamr pollution control programs should be on those cbemival forms that actually
impair uses of water that am of concern to the public who have to pay for the conlrol program.

In developing technically valid, cost-effective stormwater quality management programs it is important to
recognize the nature of smrmwater-associated contaminants and their differences from those typically
associated with point-iourco discharges that affect their impact on benefioial uses of receiving waters. As
demonstrated by the current situation of copper in San Francisco Bay, if the current approach followed for
developing N’PDES lirnitatious is applied to stormwat-’r disvharges, hundred of billions of dollars will be
wasted each year in treatment of "Priority Follatantsn in stormwater with little of no benefits to the
designated beneficial uses of this nation’s waters. At the same time, real water quality problems caused by
aquatic plants nuwients from non-point sources are being inadequamly addressed. The approach that the
authors recommend for regulating priority pollutants is outlined below.

For Existing Stormwater Disvh .arges:

I. Identify Specific, Real Water Quality Problem (Impairments.of Benefivial Use) in the Waterbody
in the Vicinity of the Discharge.

Determine the Cause(s) of the Problem (Specific C, hemic~l~ Contaminant(s), Source of
Contaminants, or Physical Meteorological, or Biological Condition(s))

3. If Problem Not Caused by Physical Meteorological or Biological Conditions, Determine the
Chemical Contaminant(s) l.~_ly R~ponsible for Problem

4. Determine the Sources of the Pollutant(s) with Particular Reference to Stormwatex Discharges. Of
particular concern for Urban Stormwawx Runoff i~ to Determine If’l’hem are Any Illegal or illicit
DischargeMConnevtions Contributing the Pollutanm

If More Than One Soume Exists for the Ponutant(s), Determine the Proportionate Contributions of
Each to the Watt" Quality Problem (Considering Such Issues as Availabilityfroxicity of Forms of
Contaminants from F, ach Source).

5. Verify Responsibility of Chemical(s) and Determine Level of That Chemical(s) That Would Not
Elicit Adver.~¢ Impact on Beneficial Uses of That Wate~oody

6. Determine the Allowable Load of the Contaminant(s) to the Waterbody to Achieve Concentration
Determined in Step 5

7. Develop an Allocadon of Pollutant Loads from Each Sourv~ That Can Be Controlled to Achieve
Load Determined in Step 6

8. Evaluate the Improvement in Designamd Beneficial Use~ That WKI Occur If Control Program Is
Implemented

9. Determine the Total Costs of Control of Pollutant(s) from Each Source

10. Determine and Describe the Societal Benefits to Be Deri~ted Spending the Required Funds for
Control of Pollutant(s)

1 I. Implement Societally Appropriam Pollutant(s) Control Program

12. Monitor Receiving Waters for impacts and Adjust Contaminant(s) Limitations at Triennial
l~views

C--036045
(3-036045



2.35 G.F. LEE a~d A. JONES-LEE

For Proposed New Stormwa~r Discharges                                                         .~

I. Assume Plausible Worst-Case Scenario for Exposum of Sensitive Organisms to Contaminants in
Proposed Discharges; Use Reliable Aqueous.Environmental Chemistry and Toxicology Information                ,
in a Sire-Specific Hazard Assessment Framework to Establish Discharge Limitations

2. Monitor Receiving Waters for Impacts and Adjust Contaminant(s) Limitations at Triennial R~views

Conflict is developing b~tween point source and non-point source dischargers over their mhdv¢
contributions to "wamr quality impairment." In many of thos~ situations in which cuncenu’azions of mini
mcoverable metals am used to implement US EPA crimria and smm standards, it is often found that non-
point-source dischargers mpmsent by far the gmamr source of metals that cansc the wamr quality standards
violations. However, thos~ distinctions have little to do with the r~lative conu’ibution to ~ wamr quality
problems.

The basic problem in this conflict is that the focus has not be~n on the caus~ of real wamr quality problems
caused by the discharges/runoff, but rather the point sourc~ and non-point sourer dischargers and regulators
am focusing on violations of overly prote~:tive wamr quality standards and the contributions of thos~ sources
to thos~ "violations." As discussed elsewhere hem/n, this is an artifact of the way in which tim Clean Water
Act is implemented at the local level. By focusing on effluent’ concentrations and allowed dilution of
p~rmitmd loads, it is relatively straightforward to d~t~ct "violations." If, however, the focus were on
receiving water quality impacts of discharges, thos~ discharges contributing to the problem would b~ dm
focus "of control programs. If the listing above were adopted by point sunrce and non-point soun:~
dischargers and the regulatory agencies responsible for them, the basis for this conflict b~tw~n Foint source
and non-point source dischargers should disappear. Irmspoctive of the source(s) of contaminants that impair
Ix:neficial uses of rex~iving water, the funds provided by the public either dir~dy or indimcdy should b~
used to solve real wamr quality problems rather than squandered on addressing administrative exce~dances ..
that am artifacts of overly prote~:dve standards.

The approach suggesmd above for evaluating and addressing wamr quality problems caused by non-point
source discharges will r~uim that those rrsponsible for thos~ discharges/runoff sl~nd funds for studi~s of
ambient waters pomntially impacmd by their discharges. In many case~, point sourc~ and non-point source
dischargers have not conducmd such studies, and in fact, am reluctant to undertake such studies. Studies of
this typ~ r~pre~.~nt a change in philosophy of approach and funding. The traditional approach is to focus only
on efflue.nt/discharge characmristics rather than ambient wamrs. The effluem/discharge is easy to sample,
and the "interpretation" of the msults is done by m~chanical comparison with l~rmit limitations. Such
"inmrpmmtion" does not demand significant understanding of aqueous environmental chemistry or aquatic
toxicology. On the other hand, properly conducted studies of ambient water quality characteristics (as       .:
mtatezl to beneficial uses) and the impact of the discharge on thos~ characteristics mquLms a high degree of
competence in aqueous environmental chemistry and aquatic toxicology, and an ability to work with
regulators to develop technically vafid, cost-effect control measures.

STORMWATER QUALITY MANAGEMENT

Stormwatcr quality mauagament anddes am in the process, of developing contaminant control programs for
Phus¢ I stormwater discharges. Those programs typically initially focus on the implememadon of "best
management practice" (BMP). A variety of guidance manuals for BMP’s for stormwatcr have be~n
developed and are under d~velopment by various professional groups and regulatory agencies (MWCOG,
1992; APWA, 1993; WEF, 1993). ICe and Jonas (1991) and ICe and Jones-Ice (1992b) discussed the
importance of focusing BMP’s on real water quality problems cansad by the particular discharge for the
particular site of focus. At the urging of environmental groups, Congress specified in the 1972 Clean Water
Act that all municipalities provide ,q standard basic degree of treatment for domestic wust~watcrs
("secondary" treatment) L~raspecdve of the indications of the nard for such treatment to protect beneficial
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Storm-wat~ associamd contaminants

uses of a particular receiving water. That approach should not be followed to dir~t the construction of
contaminant control systems for stormwater discharges.

One of the common BMP approaches to "controlling" contaminants in stormwater discharges is the
construction of detention basins on the discharges to effect a decmas~ in con~ntration of clmmical
contaminants later dig:barged to receiving wamr. While such facilities caas~ s~tflement of some of the larger
particulaw.s, contaminant forms associated with thos~ detained particulates ar~ largely unavailable to cause
toxicity to aquatic life; detention basins allow the passage of dissolved contaminants that could adversely
affect aquatic life. Thus~ as discussed by [~e and Jones (1991) and ~ and Jones-Le~ (1992b), the
construction of detention basins on stormwatvr discharges are largely ineffective in controlling real wamr
quality problems that may be caused by stormwater-associated contaminants.

Not only am detention basins largely ineffective in controlling water quality problems in waters mc~iving
stormwater drainage, but also ther~ is incw~sing concern about the potentiui problems associamd with
management of particulate matmr that is.collevmd in ttmm. Storrawate~ from urban amos typically contain
devamd concentrations of pardcuiam forms of contaminants such as lead, much of which will settle out in a
properly designed, operated, and maintained det,~ntion basin. The ~ent of lead-contaminated soft,
sediment, or waste for its classification as "hazardous waste" was originally made based on the w.sults ofF.P-
Tox test and is now mad~ based on the results of the US EPA’s’ TCLP w.st, The prescribed basis for
~tablishing the allowed level of lead that can be lea~hed in the TCLP test pro~dum without the te.sted
material’s being classified as "hazardous waste" is the drinking water standard of 50 l~fl, multiplied by a
factor of 100; on that basis, 5 mg/1 lead is allowed to l~ach from the soli,~sediment, or waste under tim test
conditions before the material is classified as a "hazardous waste" and in n~d of management as such. The
US EPA and some state regulatory agencies have recently redu~d the accepted concentration of lead in
drinking water to 15 gg/L This change would be exp~:md to cause a substantial reductiun in the amount of
leachable lead that would "pass" the TCLP, and c.aus~ more mamrials to be classified as "hazardous waste.."
It will likely be found that some soils that acvumuiam in smrmwatex detentiun basins will contain sufficient
amounts of lead to be classified as "hazardous waste." Further, the 15 gg/1 drinking water action level may
b¢ further decreased to the 5 gg/1 level that the US EPA proposed s~veral years ago in response to increased
understanding about the levels of blood-lead that can cause human health problems. That decrea.~ could
de~rvase the allowed l~hable lead in TCLP tests by a factor of I0 I~low its current level, before a material
would be classified as "hazardous waste." There a~ many urban soils that l~h lead under TCLP conditions
to generate leachate ~concentrations above 0.5 mg/L The~fore those responsible for operation and
maintenan~ of stormwater detention basins could find themselves in the position of having to manage the
col1~t,~d solids as "hazardous waste." This increases the cost of disposal from a few runs of dollam per ton
to a few hundred dolla~ per mn for management in a-"hazardous wast~ landf’fll."

Another approach that is often considered to be BMP for storrawater-associamd contaminants is the
e.onstr~ction of infiltratiun basins to promote tbe passage of stormwaters into the groundwater ~uffer
sysmm. In the past, the construction of infiltration basins has be~n done with little or no regard for the
potential for groundwater pollution by contaminants in the stormwater. L~ and ~ones-Le~ (1993b) dig:ussed
the importance of the proper cvalustion of the pomntiui for groundwater pollution by contaminants in watexs
that are directly or incideatly introduced into groandwamrs.

The first st~p that should be taken in defining a BMP is to define the .~pecific water quality impairment being
caused by stormwater-derived conmrainants. As noted above, the authors have yet to find a documented
aquatic life toxicity problem caused by stbrrawater discharges to receiving waters that was not due to illagal
or illicit disposal/conn~tions. Thus, as dis~nssvd by Lee and Jones (1991) and Lea and Jones- Lee (1992b)
if a real water quality problem is identified, the first "BMP" that should b~ undertaken is the careful
~araination of the system for i11egal or illicit disposal or conn~tions of industrial or commercial wast~ to
the stormwater system. If possible, the contaminants should be controlled at the source. For example, ~tudies
have revealed that lead in urban stormwat~r drainage is contributed from a variety of sources. Of particular
importance am automobile exhaust residues presently in soils. Gasoline to which lead had b~n added in
years past contained one to thr~ grams of lead per gallon Or about 300 mg Pb/1. The ¢ombusmd l~ad
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products, emi~d in the exhaust as particulate lead compounds, largely s~ttled within a kilometer or so of the
source of emission: some of the finely divided particulates werc carried long disr~mces in the air (Lee and
Jones-Lce, 1992c). According to Robertson (1993) today’s gasoline can contain up to 17 rag/1 and still be
classified as "unl~aded" gasoline; he rvpor~d that today’s gasoline typically contains about l0 rag/1 lead as a
natural contarainant of gasoline. Diesel fuel also conudns potentially significant amounts of heavy mc~ls.
Therefore residues being generamd today from gasofine and dies~l fuel are still contributing l~ad to
storrnwater runoff. Mangamlla (1992) mpo~d that vehicle fuels ar~ important sources of lead, mercury,
zinc, silver, and copper for stormwater runoff in the Santo Clara Valley, CA. He also rcported that
automobile brake pads am important sources of copper in stormwater runoff. Tir~ wear was found to be an
important source of cadmium and zinc in stormwaters.

The finding that certain automobile/truck components and fuels ar~ important sources of heavy metals and
other chemicals of potential concern in stormwamr runoff has starred calls for modifying the composition
fires, gasoline, die.~l fuel, and brake pads. In developing heavy metal control programs for stormwaters it is
important to focus on thusz sources that contribute forms of heavy metals and other contaminants that
actually impair beneficial uses of receiving waters, on a watexbody-spedfic busis~ If it is found that the
soun:e_s of heavy metals such as gasoline, dies~l fuel, tim wear and brak~ pads am contributing forms of
metals to smrmwaters that actually impair beneficial uses of receiving watea~ consideratiun should be given
to trying to control thosz sources contributing thos~ heavy metals to the extent possible. If, as expeumd, the
copper in brakz pads, the residual lemd and copper in gasoline and diesel fuel, and the cadmium and zinc in
tires ar~ present in stormwater in forms that am unavailable/non-toxic, then the ban or modification of the.s~
products to reduce the metals concentrations in storrnwamr will have no impact on water quality and could
be strongly deui, nental to the inmrusts of the public. In addition to thd costs of development and usz of
substitute products, thea~ could well be real environmental, public health, or other advers~ impacts caused
by the substitute products. As discussed by Lce and Jones-Le~ (1993a), the public needs to b~ given reliable
technical information about thus~ sources; them have been public information travesties that have resulmd in
emotion-based, te~hulcaily unreliable management decisions about the control of contaminants in the past.

Only afmr the sources of contaminants in stormwater runoff that are having advers~ impacts on beneficial
uses of rcceiving waters have been evuluatezi and addressed, and only ff thos~ measm-es have not caused
resolution of the wamr quality impairment, should consideration be given to structural treatment options for
the smrmwatex runoff. Treaunent should focus on thos~ components of the stormwamr responsible for the
specific watex quality impairment of the particular receiving water. Bocaus~ the stormwam’-associated
contaminant(s) that may cans~ an impairment of a beneficial uso would be site-specific, and bc~aus~ of the
rarity of aquatic life toxicity caused by urban stormwater runoff not due to illegal or ilficit disposal or
connections, a "standard" off-the-shelf BMP cannot b~ prescribed for stormwamr runoff treatment. For
example, d~tention basins should not be constn~rted if them ar~ no impairments of beneficial uses in the
r~ceiving wamrs caused by thosz mamrials that would be rcmoved in such a facility at the site in question,
i.e~, a portion of the large solids. If thos~ matexials am causing demonstrated impairment of beneficial use~
of receiving waters, can~ful ~tenfion ne~ds to be given to the site-specific conditions since in general the
groates~ se~ihneat tmnspoR from erosion occom during very short periods each year of very high flows.
Stormwater demntion basins ar~ ofmn not designed to mmin particulates under high flow conditions. Thus
while a detention basin may fun~ion well under low or moderate flow conditions, it may fail to manage
thos~ contaminants cun~buted during high fldws that am in fact of water quality significance.

CONCLUSIONS

Non-point source discharges/runoff typically contains sufficient levels of chemical contaminants to causb
exce~dances of water quality criteria/standards applied to total concentrations in the receiving water.

hts known from aqueous environmental chemisn’y that many contaminants exist in aquatic sys~ms in a
variety of chemical forms, only some of which am available/toxic to aquatic life.. Thus the total
concentrations of thos~ chemicals in a water ar~ poor indicators of the concentrations that am available to b~
toxic/available to impact designamd beneficial uses of waterbodies.
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